and A. parasitica could not be distinguished using physiological tests (Laaser et al., 1989) . These test showed also that Cryptococcus humicola and Trichosporon cutaneum were the closest relatives. Restriction fragment analysis of the mitochondrial DNA (Prillinger, 1987a) and of the ribosomal DNA (Laaser et al., 1989) showed insignificant differences between the two yeast strains. These differences, however, could not be corroborated by PCR-fingerprinting (Prillinger, unpublished data) .
To clarify the taxonomic and phylogenetic relationship of the A. lycoperdoides and A. parasitica yeast isolates we have performed DNA/DNA reassociation experiments and DNA sequencing of the following ribosomal DNA regions: 18S rDNA; D1/D2-domain of 26S rDNA; ITS1-5.8-ITS2 and IGS1. We propose a new genus for Cryptococcus species with a ubiquinone Q-9 clustering within the Trichosporonales (Takashima et al., 2001 ).
Materials and Methods

Strains. Yeast isolates from the agaric fungus
Asterophora lycoperdoides (MB 215ϭCBS 170.86): HB 81ϭCBS 10411 leg. H. Prillinger, 10.10. 1984 , Pirkensee near Regensburg, Bavaria, Germany; HB 466ϭCBS 10413 leg. U. Passauer, 20. 9. 1994 , Offensee near Ebensee, O.Ö. Austria. Yeast isolates from the agaric fungus A. parasitica (MB 217ϭCBS 683.82): HB 82ϭCBS 7989 leg. H. Prillinger, 19. 9. 1985, Paintner Forst near Regensburg, Bavaria, Germany; HB 467ϭCBS 10414 and HB 468ϭCBS 10415 leg. H. Schmid, 20. 9. 1994 Table 1 .
DNA preparation. Genomic DNA was extracted and purified as described by Lopandic et al. (2004) .
Partial sequencing of 26S rRNA encoding gene. Sequencing of the D1/D2 domain of 26S rDNA was carried out as described by Lopandic et al. (2004) with minor modification. A fragment of about 2 kb was amplified by polymerase chain reaction with the primers ITS3p (GCATCGATGAAGAACGCAGC) and YAM2 (CGACTTCCCTTATCTACATT). The PCR was performed in 50 ml reaction mixture containing Tris-based buffer pH 8.8, 4.5 mM MgSO 4 , 0.2 mM of each deoxynucleotide triphosphate (Peqlab), 0.1 pmol ml Ϫ1 of each primer, 5-20 ng of DNA preparation and 1.25 U BioTherm-DNA-Polymerase (GeneCraft). A total of 36 amplification cycles were performed in a Trio-Thermoblock TB1 thermocycler (Biometra): 98°C, 15 s; 59°C, 1 min; 72°C, 2 min. The reaction was completed by a last elongation step at 72°C for 10 min. To remove the remaining primers and nucleotides, the PCR products were purified by QIAquick PCR Purification Kit (Qiagen). A 611 bp long fragment was sequenced with primers NL1 (GCATATCAATAAGCGGAGGAAAAG) and NL4 (GGTCCGTGTTTCAAGACGG) (White et al., 1990) on an ABI 3100 Avant Sequencer (Applied Biosystems, Foster City, USA). Sequences of the strains HB81 (AM265553) and HB82 (AM265554) were deposited at the EMBL data library. Sequencing of 18S rRNA encoding gene. A fragment of approximately 2 kb was amplified with the primers NS0 (TATCTGGTTGATCCTGCC) and ITS2p (GCTGCGTTCTTCATCGATGC) under the conditions described in the former paragraph. Primers used for the sequencing of a 1,795 bp long fragment of the 18S rRNA encoding gene were those as described by Lopandic et al. (2004) . Sequences of the strains HB81 (AJ496260) and HB82 (AJ496261) were deposited at the EMBL data library.
Sequencing of ITS regions. A fragment of approx. 2 kb was amplified by the primers 18/1184 (GACT-CAACACGGGGAAACTC) and NL4 (GGTCCGTGT-TTCAAGACGG) under the above described conditions. A 496 bp long fragment of the ITS1-5.8S-ITS2 region was sequenced with primers ITS1p (TCCG-TAGGTGAACCTGCGG) and ITS4p (TCCTCCGCT-TATTGATATGC) (White et al., 1990) . Sequences of the strains HB81 (AM265555) and HB82 (AM265556) were deposited at the EMBL data library.
Sequencing of IGS1 region. The IGS1 regions were determined according to Sugita et al. (2002) by using the primers 26SF (ATCCTTTGCAGACGACT-TGA) and 5SR (AGCTTGACTTCGCAGATCGG). Amplification was conducted under the following conditions: initial denaturation at 94°C, 3 min, followed by 30 cycles of 94°C, 30 s, 57°C, 30 s and 72°C, 1 min and a final extension at 72°C, 10 min. The 687 bp long IGS1 sequences of strains HB81 (AM265557), HB82 (AM265558), HB466 (AM265559) and HB467 (AM265560) were deposited at the EMBL data library.
Phylogenetic analysis. Sequences of the 26S (D1/D2 region), 5.8S-ITS and 18S rDNA were combined and aligned using the ClustalX program (Thomp- (Swofford, 2002) treating all alignment gaps as missing data. Maximum parsimony trees were inferred using heuristic search with branch-swapping option and tree bisection-reconnection. Confidence values for individual branches were determined by a bootstrap analysis with 100 repeated samplings of the data. DNA-DNA reassociation. DNA-DNA reassociation experiments were carried out using the microplate method with chemiluminometric detection (Sugita et al., 1994) .
PCR-fingerprinting. Amplification reactions were performed in 50 ml volumes containing Tris-based buffer pH 8.8, 0.015% Bovine serum albumin (Roche; heat treated before use at 75°C for 15 min), 0.15 mM of each deoxynucleotide triphosphate (Peqlab), 0.2 pmol ml Ϫ1 primer (a bacteriophage M13 core sequence (GAGGGTGGCGGTTCT) (Genxpress), 5-20 ng of template DNA and 1.25 U BioTherm-DNA-Polymerase (GeneCraft). Polymerase chain reaction (PCR) was performed in a MJ Research thermal cycler (PTC200) programmed for the initial denaturation at 94°C for 2 min, and 37 cycles of: 94°C/40 s, 39°C/70 s, 72°C/90 s, with a final extension of 72°C/10 min. A 20 ml aliquot of the reaction mixture was mixed with PCR-stop solution (30% sucrose, 0.2% Bromophenol blue, 0.1 M EDTA) and run on a 1.5% agarose gel. The gel image was photographed under UV and analyzed by the Bio-Rad gel analysis system (Bio-Rad Laboratories, Inc., Vienna, Austria).
Results and Discussion
Genotypic identification using partial sequences of the 26S rDNA (D1/D2-region)
In basidiomycetous yeasts Fell et al. (2000) suggested that strains that differ by two or more nucleotides in the D1/D2 region of the 26S rDNA represent different species. Our yeast isolates from the agarics A. lycoperdoides (HB 81) and A. parasitica (HB 82) show 100% identity with Cryptococcus ramirezgomezianus. Our data corroborate the close phylogenetic relationship between C. ramirezgomezianus and C. humicola. Sugita et al. (2000) and Takashima et al. (2001) have recently shown that C. humicola is a heterogeneous species. Five novel species (C. longus, C. pseudolongus, C. musci, C. fragicola, C. daszewskae) were proposed. The name C. ramirezgomezianus nom. nov. was introduced for Sporobolomyces albidus Ramirez Gomez JCM 1460 T , CBS 2839
T (Takashima et al., 2001 ).
PCR-fingerprinting
For PCR-fingerprinting we used the primer M13. 
Genotypic identification using the ITS1-5.8S-ITS2 region
The ITS1 and ITS2 region of the two tremelloid yeast isolates from A. lycoperdoides (HB 81) and A. parasitica (HB 82) were identical. C. ramirezgomezianus differed in one base pair within the ITS1 region in the position 120 (one transversion, T instead of A). The ITS2 region was identical in the three yeast strains. 
Genotypic identification using the IGS1 region
Recently Sugita et al. (2002) showed that the analysis of the widely diverged IGS sequences may be a useful tool for differentiating between phylogenetically very closely related species. The IGS1 region comprises 687 bp. It was not possible to separate the two yeast isolates from A. lycoperdoides (HB 81, HB 466) or A. parasitica (HB 82, HB 467). We were not able to corroborate the data of Laaser et al. (1989) which showed a restriction fragment length polymorphism of the ribosomal DNA.
DNA-DNA reassociation
DNA-DNA reassociation experiments were performed with the following yeast strains: HB 81, HB 466; HB 82, HB 467 and C. ramirezgomezianus (Table  2) . Price et al. (1978) examined yeast species in four genera and proposed that strains having 80% or greater DNA relatedness were conspecific, an opinion expressed earlier by Martini and Phaff (1973) from their studies of Kluyveromyces spp. According to Kurtzman (1998) strains showing DNA relatedness Ͼ70% are usually conspecific. DNA-DNA reassociation values were in the range of 88-102% (Table 2) . From these data we conclude that the yeast isolates from A. lycoperdoides and A. parasitica are conspecific and belong to the species C. ramirezgomezianus.
Physiological characteristics
The yeast isolates from A. lycoperdoides and A. parasitica are physiologically indistinguishable (Laaser et al., 1989) . Different from the Asterophora yeasts, C. ramirezgomezianus is able to utilize soluble starch (Takashima et al., 2001) . Figure 2 shows that the species C. longus, C. pseudolongus, C. humicola, C. musci, and C. ramirezgomezianus form a homogeneous clade with 86% bootstrap support within the Trichosporonales. In addition all these species are characterized by a ubiquinone Q-9 (Takashima et al., 2001 ). The ubiquinone Q-10 Cryptococcus species C. curvatus, C. daszewskae, C. fragicola cluster outside this clade intermingled with Trichosporon species. The mycelial strains of Asterophora lycoperdoides and A. parasitica cluster with Agaricus campestris (Agaricales).
Phylogenetic characterization using complete sequences from the 18S rDNA
Taxonomy
From Fig. 2 it can be seen that the genus Cryptococcus is heterogeneous. This was already shown by Guého et al. (1993) , Takashima and Nakase (1999) and Fell et al. (2000) . Whereas the neotype species of Cryptococcus, C. neoformans, clusters within the Tremellales, species phylogenetically related to C. humicola (Takashima et al., 2001) cluster within the Trichosporonales (Fig. 2) . On the basis of our phylogenetic data (Fig. 2 and Fig. 3 ) and ubiquinone Q-9 a new genus Asterotremella and a new family Asterotremellaceae were proposed. Figure 3 comprises a phylogenetic tree based on three different genes (complete 18S, 5.8S/alignable ITS, and 26S rDNAs [D1/D2 domain]). The Asterotremellaceae form a homogeneous clade with 100% bootstrap support near the different Trichosporon species. The ubiquinone Q-10 species Cryptococcus curvatus, C. daszewskae, C. hagleriorum (Middelhoven et al., 2003) and C. fragicola appear heterogeneous (Fig. 2 and Fig. 3) . Additional genes have to be sequenced (Kurtzman, 2003) to clarify their taxonomic position.
Latin diagnosis of Asterotremella Prillinger, Lopandic & Sugita gen. nov.
Carposomata absentia: Fungi Trichosporonalium ubiquinono majore Q-9. Haustoria tremelloidea absentia. Cellulae sphaeroideae, ovoideae vel elongatae, gemmis polaribus prolificantes; pseudomycelium et mycelium verum formantur. Coloniae in medio solido albae vel cremeae. D-Glucuronicum et inositolum assimilantur, at non kalii nitratum. Fermentatio nulla. Parietes cellularum xylosum continent. Diazonium caeruleum B positivum, ureum finditur. Materia amyloidea iodophila formatur. Thiaminum ad crescendum 2007 Asterotremella gen. nov. 171 
Genus description
Anamorphic yeasts clustering within the Trichosporonales having a ubiquinone Q-9. Tremelloid haustoria are lacking. Cells are spheroidal, ovoidal or elongate. Reproduction by polar budding; pseudo-and true hyphae are present. Colony color on solid media may be white or cream; all species utilize D-glucuronate and inositol. Potassium nitrate is not utilized. Fermentation is lacking. Xylose is present in cell walls.
Diazonium blue B and urease reaction are positive. Extracellular amyloid substances are produced. Thiamine is necessary for growth.
Etymology
Astero refers to asterisk; a Tremella with an asterisk showing no mycoparasitic interactions; haustoria are absent. Fertile fruiting-bodies appear in a mixed culture of Asterophora chlamydospores and corresponding yeast cells (Fig. 4) .
The Asterophora/Asterotremella system may be an ideal model to study the evolution of mating types. On This is one of six most parsimonious trees based on complete 18S rDNA sequences (number of characters NCϭ1,746, constant characters CCϭ1,304, parsimony uninformative characters PUCϭ188, parsimony informative characters PICϭ254, CIϭ0.615, RIϭ0.735, RCϭ0.452) . The bootstrap factors Ͻ50% are not shown. S. roseus and K. nectairei are the outgroup species.
the basis that the Asterotremella yeasts have lost their mycoparasitic action we speculate that transcription factors moved from Asterotremella to Asterophora during mating-type evolution. In Neurospora crassa the gene product of the mating-type locus A displays a region of similarity to the MAT a1 polypeptide of Saccharomyces cerevisiae, whereas the mt a-1 polypeptide is homologues to the shorter Schizosaccharomyces pombe Mat-M c polypeptide (Glass et al., 1990; Metzenberg, 1990; Staben and Yanofsky, 1990 ). An evolution from parasitism to homothallism and heterothallism was proposed by Prillinger (1987b ) and Prillinger et al. (1993 , 2002 Cellulae sphaeroideae, ovoideae vel elongatae; pseudomycelium et mycelium verum formantur. Coloniae in medio solido albae vel cremeae. D-Glucuronicum et inositolum assimilantur, at non kalii nitratum. Fermentatio nulla. Parietes cellularum xylosum continent. Familia Trichosporonalium ubiquinono majore Q-9. Haustoria tremelloidea absentia. Diazonium caeruleum B positivum, ureum finditur. Materia amyloidea iodophila formatur. Thiaminum ad crescendum necessarium. Typus familiae: Asterotremella Prillinger, Lopandic, Sugita.
Family description
Tremelloid yeasts clustering within the Trichosporonales having a ubiquinone Q-9. Tremelloid haustoria are lacking. Cells are spheroidal, ovoidal or elongate; pseudo-and true hyphae are present. Colony color on solid media may be white or cream; all species utilize D-glucuronate and inositol. Potassium nitrate is not utilized. Fermentation is lacking. Xylose is present in cell walls. Diazonium blue B and urease reaction are positive. Extracellular amyloid substances are produced. Thiamine is necessary for growth.
The following Cryptococcus species having a ubiquinone Q-10 and clustering within the Trichosporonales are excluded from the Asterotremellaceae: C. curvatus, C. haglerorum, (Middelhoven et al., 2003) C. daszewskae and C. fragicola. 
